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'’This  report  describes  a velocity  window  detector  that  senses  that  the 
velocity  of  a test  item  is  within  a specified  tolerance,  (hence  the  name 
velocity  window).  If  the  velocity  window  criteria  is  satisfied  then  the 
detector  initiates  a desired  event.  ^ 
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Ihis  report  Poser ihos  a velocity  window  detector  that  senses 
that  the  velocity  of  a test  item  is  within  a specified  tolerance, 
(hence  the  name  velocity  window).  It  the  velocity  window  criteria 
is  satisfied  then  the  detector  initiates  a desired  event. 
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OPERA  1 10NAL  TESTS 


1.  INTRODUCTION: 

r (vi s report  describes  a veloi  i ty  window  detector  designed  for  use 
.it  the  Af  High  Speed  Test  Track,  Holloman  Air  force  Base,  New  Mexico. 

I!.  GtNtRAl  DISCUSSION: 

the  purpose  of  the  velocity  window  detector  is  to  sense  that  a test 
item,  usually  a sled,  is  moving  at  a desired  velocity  within  a specified 
ti lerance,  (hence  the  name  window).  If  the  velocity  window  criteria 
is  met  then  the  detector  initiates  a desired  event.  As  shown  in  Figure  !, 
the  sled  passes  track  station  1,  (S,),  at  time  T^  and  next  passes  track 
station  2,  (S,),  at  time  T . The  average  velocity  between  S,  and  S,  is: 


Sp  - s , 

t = c j 

12  T„  - T, 


ST2 

T12 


The  time,  (T.  .),  that  is  required  for  the  sled  to  travel  from  track  station 

I 4_ 

1 to  track  station  2,  is: 


T 


12  V 


12 


an  example,  if  track  station  I is  at  6350  ft,  track  station  2 is  at 
t ft,  track  station  3 is  7000  ft  and  the  average  velocity  is  1000  ft 'sec 
then : 

S„ 


6950  - 6350  - 100  ft 
100  ft 

-7  i oo  msec 

/sec 

It  the  velocity 

remained  1000  ft/sec  for  the  50  ft  between  S„  and  S,  then  the  sled  woul  i 


r!2  Sfeec  100msec 
The  sled  would  take  100  msec  to  travel  from  Sj  to  S0. 


take  50  msec  to  travel  from  5.,  to  S(. 


I 


It  the  velocity  is  not  equal  to  the  desired  velocity  V]  > but  ' ' trad 

equal  to  K times  the  desired  velocity  then: 


Where  T,~  is  the  actual  time,  is  the  desired  velocity  and 

12  l 14 

is  the  expected  travel  time  at  the  desired  velocity  V^-  As  ar  example  if 
S,  is  61150  ft,  S,  is  6950  ft.  S^  7000  ft,  is  1000  tt/sec  and  V-p  is 
10;  low: 

V12  - -90  V12 

T1?  - \ T,.'  = ] 9 (100  ms)  = 111.1  msec 
if  V-j ^ was  10'  high,  then: 

T|2  = y'  | T i o = ^ 1 -j  (100  ms)  90.91  ms 

Table  1 shows  several  examples.  In  each  example  the  distance  between 
S,  and  S0  is  100  ft  and  between  S„  and  S,  is  50  ft.  The  high  velocity 

4 4 3 


results  in  a low  time,  (window  start  time),  the  low  velocity  results  in  a 
high  time  (window  stop  time).  Window  times  are  rounded  to  the  nearest  milli- 
second . 


DESIRED  VELOCITY 

+ ERROR 

TABLE  1 

Typical  Examples 

NOMINAL  TIME 

START  TIME 

STOP  TIME 

]23 

1000  ft/sec 

10 

100  msec 

91  msec 

1 1 1 msec 

50  m 

1000 

5 

100 

95 

105 

50 

1200 

10 

83.33 

76 

93 

1200 

5 

83.33 

79 

83 

42 

800 

10 

125 

114 

139 

63 

300 

5 

125 

119 

132 

63 

1 


-s  the  nominal  tim,  required  for  the  sir, I to  travel  fro™  s,  to  o,  , 

.■vo„t  Is  Initiated.  these  calculations  assume  the  nominal  velo.it, 

.entihues  between  S,  ana  s,.  This  time  must  he  treater  than  : ,,0 

•lel.iv  that  is  required  to  am  the  event  initiator  for  an  eject  „„  test 

ns.n„  a screen  hos  Uower  supply  this  time  should  hr  equal  to  or  preater 
t (vim  50  mi  1 1 1 seconds  . 

i 1 . ; A-iAMi  :cr  st  i i f T ION 

'he  previous  section  discussed  the  pence.,  1 theor,  of  what  the  velocit, 

" ' “ VV  ' " ''v'-  J,,J  Parameters  are  ,«  : „ 

W'<K',,>  s(Vt  'On  Win  Ocsccihe  how  the  .eloon 

window  parameters  are  calculated,  ,i,en  ertafn  desired  mis  „ , 

' ’ ,Ure  ::  be  used  « *n  example  for  ca  culatin 

window  pardliie  tors 

TABU  2 

’>  :fA!  MISSION  OAK -'O':  T:  IS 
(vent  Initiation  Track  Station 
Launch  Point 

M stance  of  tvent  from  Launch  Point 
Velocity  at  7 0 7 1 from  Launch  Point  (f  ni  i[) 

>t’  i'v  it  v iv i ndow  in  'ercent 

Sirue  th('  evpnt  he  at  track  station  YAP 

s , '000 


’000  ft 

594\)  * ♦ 

1071  ft 
456  ft  sec 

+ 1 p 


L-  s,  '’His'  tv  chosen  such  that  T,,  % [>p  t-,s 

‘ , J 

velocity  is  constant  between  s,  and  Sc 


•^si/nc  that  the 


V > s 4 Bo 


We  will 


S3 ( Event  Initiation  at  Track  Station  7,000) 


Minimum  time  corresponds  to  max  velocity  therefore: 
V. 


23 

50  ms  < I 


1 ’0  V?‘ 


s 


2.1 


23 
f2  3 


S23> 


50  ms  (VOJ)  50  ms  (1.1  V0') 

cS  c J 


{ > 50  ms  (1.1)  (456  ft/sec) 


S2?  > 25.08  ft 


let  = 30  ft 


then 


S2  S3  " S23 
S?  = 7000  - 30 

= 6970  ft  (track  station) 

C.  is  arbitrarily  chosen  as  - 100  = 6870  ft. 

0.  From  the  listing  corresponding  to  figure  II  we  see  that 
(S^  to  Sj),  before  the  desired  event,  the  nominal  velocity  is 

454  ft/sec.  The  window  times  are: 

Nominal:  ( S12  _ 100 

1 12  454 

T ' = 220  ms 

T 1 

12  220 

Window  start  time  = = yyg  = 200  ms 


Window  stop  time 


12  _ 220 


K 


.90 


= 244  ms 


These  calculated  parameters  are  summarized  in  Table  3. 


at  30  to  130  ft. 
approximately 


6 


i Ain  i 3 

VI I Ot  in  WINDOW  'AKAMl  Ilk" 


SI 

7000 

1 1 

S.’ 

h 4/0 

ft 

S3 

tut/0 

1 1 

Start  t line 

aoo 

nisei 

Stop  time 

244 

msec 

IV.  FUNCT I0NA1  lit  SCRIP!  ION' 

A block  d iaqram  of  tlio  velocity  window  detector  is  shown  in  I i < n.  e il;. 
Signal  names  correspotulinq  to  the  circuit  are  shown  in  |>arentlios  i*- . 

A.  Phase  Locked  Clock  Ihe  internal  clock  is  phase  lei  ked  to  an 
external  reference  source,  live  external  source  may  be  nit  Ik  10.  or  a 
square  wave,  at  any  nominal  rate  spot  itiod  in  Table  4,  as  selected  on 
sw  I tell  S j . 

1 API  I 4 

I.XTlRNAI  11  Ml  NO  COni  RAJ  t '• 

SO  kHz 
;’o  kHz 
10  kHz 
s kHz 
kHz 

be  phase  lock  clock  will  track  the  external  reference  but  it  the  external 
clock  is  lost,  the  internal  clock  will  rapidly  drift  ot t frequence.  Ihe 
input  is  transformer  coupled,  permittinq  the  external  s.qnal  to  be 
either  polarity.  Ihe  input  siqnal  level  should  be  between  and  '0  volts 
peak  to  peak. 

* 01  is  an  internal  Jrack  time  code. 
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I Mill  t IT 


1 tu'  mnintor  I'.  iloarrd  i“.h  Ii  m 1 1 ; ••  • *>  ond  uf  un 


hroakwiro  I is  broken  When  I lie  ••  1 »‘>.l  risn  hos  tr.uk  stat  urn  V it  pons 
hroakwiro  I arul  t hi'  lOuntni  starts  count ing  up  at  a I Ml/  rate  (whuh 
results  in  a out'  millisecond  resolution) 

i.  Comparator  No fore  thn  window  start  turn',  thn  comparator  rhr.ks  Mm 
counter  rontnnts  against  thn  start  t imo  switch  snttiiui  Whrti  t hnv  am 
equal  (tin  window  is  opt'insl.  Attn  r thn  window  i ••  opnnnd  (tin  . omparat  or 
checks  thn  lountnr  contents  against  thn  stop  t imo  sw  it  olios.  Whnn  t tm 
counter  oontnnts  nguals  thn  stop  t imo  switohos  thn  window  i s olosnd  It 
should  hn  notnd  that  with  this  tnohnii|un  thn  window  may  ho  opnnnd  in.lnt  in  i t nl  \ 
t \ select  iru)  a stop  t imo  that  i ■.  loss  than  thn  start  t imo 

1 . Potootor:  It  thn  sit'd  opons  hroakwiro  at  trank  station  S,  whiln 
thn  window  is  opon  t linn  thn  dnfnotor  will  aotivatn  t tin  ovont  initiator. 

1 hn  ovont  initiator  will  mind  in  activated  until  thn  velocity  window  is 
rn'.nt  . It  thn  slnd  dons  not  out  hmakwim  .’  whiln  thn  window  is  opon  thou 
thn  ovont  initiatoi  will  not  hn  activated. 

p.  i v on t Initiatoi  I hn  ovont  initiatoi  is  a high  voltage  pnwm  up,  l\ 


at  t r.n  k stat  loll  ' 

y 

I ho'  high 

v o 1 1 agi 

■ is  arfliod 

t lirough  a rnlao 

i nut  ro  1 1 nil 

> a .m  ond  ml  ay 

i n 

thn  dot m 

tor.  t 

imo  do lao s 

. undt'i  nominal 

. Olid  ■ 1 1 Oil'.  , 

i thn  two  relays 

oHlkl 

t r.n  ks  id 

n o at'ln 

am  1(1  to 

.'(1  III  i 1 1 1 s<\  onds 

1 hoi  of ot 

hn  t i tin'  rni|ii  i rod 

t 01 

thn  slnd 

to  moo i 

' 1 1 om  S , 

to  S , shou 1 d hn 

III  OSl  OS' 

't  ‘<0  ml  1 I i snoonds  to  no. urn  proper  arm i ihj 
V Ol’lRAHNf.  I NS  I mil!  IONS: 


A. 

lnsnrn  that 

i ah  1 ns  am  i onnni  t ml  as 

shown  in  1 ,it»ln  S 

1 

Sot  nodn  r.i 

to  to  (.'kit.') 

1 . 

I urn  pownr 

on.  1 hn  pownr  iiutu  'Ini 

and  t hn  da  I a ,nd  a .it  ni 

• shou 

! AIM  1 5 


[\WRNAl  CONNl  CHONS 


'ONNt  t ro« 

PIN 

IliNAl 

Rl MARKS 

n 

A 

B 

C 

1 15  VAC 
Ground 

1 15  VAC 

Chassis  ground 

.12 

A 

HW2  l 

Breakwire  2 

B 

BW2  H 

.'A 

A 

BW1  l 

Brea kw ire  1 

B 

BW1  H 

.14 

A 

Relay  ann 

Contact  close  when  event  initiation  i curs. 

B 

l 

N.O.  contact 
Ground 

,15 

A 

Lxt  timing 

external  timing,  2-20  volts,  either  polarity 

B 

C 

( xt  timing 
Ground 

(usually  2k HZ  G7  timing) 

J6 

1 xt  timing 

Same  as  05  A. 

J7 

t xt  t iminy 

same  as  05  B. 

D. 

Set : 

UK 

MIN 

SI  i 

MS 

Start  t iine 

■ 00 

00 

oy 

690 

Stop  t ime 

00 

00 

16 

969 

t . 

I’ush 

reset . t 1 

1)  * indicator 

s BWI 

, hw; 

’ and  VI 1 should  be  of ? 

f . 

Open 

brea kw i re 

* 1 . 1 mined  i 

,i  t el  v 

un 

indicator  BWI  should  1 

Approximately  13  seconds  after  BWI,  open  hreakwire  ?.  both  inaicators 
BW?  and  VII  should  do  on.  1 he  tr.U'kside  screen  box  should  be  armed  and 
hot  at  this  time. 

G.  Reconnect  both  hreakwire  and  push  reset.  Indicators  BWi,  BW? , and 
Vtl  should  do  oft. 

h.  Steps  I and  G should  be  repeated  twice.  Once  BW.'  should  be  o >e  t 
before  9.606  seconds,  and  once  BW?  should  be  opened  after  lh.%9  seconds, 
in  each  case  indicator  HW.’  should  turn  on,  but  Vfl  should  not  turn  on. 

1.  Insure  that  both  breakwires  are  properly  reconnected  and  installed. 

,1.  Set  the  mission  velocity  window  start  time  and  velocity  window 
stop  time. 

K.  i’ush  reset.  The  velocity  window  detector  is  now  ready  and  indicators 
BWI,  BW?  and  Vt L should  be  off. 

I.  After  the  mission  the  indicators  should  show  if  BWI  and  ,.J  were 
broken.  If  BW?  occurred  between  the  start  and  stop  times  then  til  should 
be  on. 


I I 


l i dht  emitting  diode 


vi.  sw 1 1 cut *• 

SWIU'H 
Power 
Lode  Rate 

tart  time 

Stop  time 

Reset 

SBW1 

SBW? 

INOU  ATORS 
Powe  r 
Bata 

BUI 

RW2 

VEL 


AND  IND1CAIOKS 

1 ABLE  6 
SWIILHLS 

f UN(  T ION 

Applies  At  power  to  all  circuitry. 

Selects  desired  timing  code  rate  (normally  et  to  2 for 
G . T . timing). 

Selects  desired  window  start  time  with  respect  to 
BW1  opening,  to  activate  velocity  window. 

Selects  desired  window  stop  time,  with  respect  to  RW1 
opening,  to  deactivate  velocity  window. 

Resets  relay  control  and  velocity  window  timing  circuits 
Simulates  opening  of  first  breakwire. 

Simulates  opening  of  second  breakwire. 

TABLE  7 
INDJt:  ATORS 

tUNCnON 

On  indicates  the  internal  power  supply  is  on. 

On  indicates  that  an  external  signal  is  applied  to  '.tic 
external  timing  input.  It  does  not  indicate  that  the 
clock  is  phased  locked  to  the  external  signal. 

On  indicates  that  breakwire  1 was  broken. 

On  indicates  that  breakwire  2 was  broken. 

On  indicates  that  breakwire  2 was  broken  between  the 


start  time  and  the  stop  time. 


1 


1AM  I 8 


test  point  voltages 

Breakwi re  Shorted 


TIM  to  TP2 
(1P3  to  TP4 ) 


2.4-3. 3 volts 
(Depends  upon 
hreakwire  resistance 
no  to  200.) 


Breakv  ire  Open 
8.0  volts 


VI 1.  M0D1F 1CAI IONS  to  Mum  l 9300  CAMt  RA  I ONTROi  !t  K 

the  velocity  window  detector  is  a modified  model  QUOD  camera  conttoller 
(DATUM,  part  number  9300-610'.  This  section  describe'  t i\e  mod i t it  at  ions 
necessary  to  convert  the  model  9H00  camera  controller  tor  u .e  eithei  r 
a camera  controller  or  as  a velocity  window  detector. 

A.  The  following  wiring  modifications  to  the  model  9300  cameri 
controller  are  required: 

1.  Remove  the  following  wires: 

FROM  TO  SIGNAL 

Pin  12  Cl  Pin  10  C9  Fwd 

E25  Pin  1 D 7 1CC3 

2.  Add  the  wires  to  ,1102  shown  in  Table  3. 

f 

3.  On  the  LED  Driver  Card  (DATUM,  part  number  1 6 1 60 ) jumper 

plug  P102  pin  6 to  pin  8 and  pin  6 to  pin  7.  These  jumper  wires  added  to  the 
LED  Driver  Card  replaces  the  wires  removed  in  ! above  when  the  LED  Driver 
Card  is  inserted. 

8.  To  use  as  a velocity  window  detector: 

1.  Remove  D4  (SN74107)  and  replace  with  jumper  plun  D4  substitute. 

(This  holds  STL? I and  S1R2  at.  a zero). 

2.  Add  front  panel  for  rack  mount. 

3.  Remove  LED  Driver  Card  and  replace  with  the  detector  card. 

C.  To  use  as  a model  9800  camera  controller: 

1.  Remove  front  panel. 

2.  Remove  detector  card  and  replace  with  LED  Driver  Card. 

(modified  as  discussed  in  A. 4.  above). 

1 


14 


iabi 


Vt'l  O f 

tv  window  won i>  !<: 

M IONS 

(3102  Pins) 

PKtSfc N ; 

ADD 

Ni  MARKS 

• 



1 

*5V 

j«  ( *■  5 volts  pur)  * 

+5V 

+5V  ( *5  vo 1 1 s pwr ) 

1 15 

Reset 

_4_ 

ion 

- — - 

_200kH7 

Mi  9 

wd 

6 

906 

} 

j 

nn 

. ero 

_ 3 

q 

1 

107 

Vel 

. _ j 

1 ) 

_ _ 

in,  J3B 

No  ehdfHIt' 

UW1 H ( Urea kw ire  1 hi) 

11  I _____  

1.’ 

13 

14 

15 

, 16 

Ground 

i 

No  change 

(ind  (pwr  q round) 

— 

17 

. i 

13 

- -1 

’9  t 

30  ' 

1 

1 

1 

! 

■>  l 
>.  1 

TP2,  TP4 

No  change 

GND  (sianal  uround)  j 

22 

TP3 , J3H 

' 

No  change 

_ 

;1W2H( Breakwi re  3 hi' 

• 

35 

JZA 

No  chang 

BW3L  l Urea  kw  ire  low. 

36 

R2  -(  i 

No  change 

Not  used 

21 
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: \ 

f 

J3A 

No  change 

UW 1 1 ( Breakw  i re  1 lev.' 

29 

R1  - 1 ’ No  < han  j« 

Not  used 

1 10 

*«W 

No  change 

+ 3'.  (*3  volts) 
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j.  Remove  jump*''  plug  in  04  and  replace  with  SN 74 1 07 . 

L.  As  an  operator  aid  an  indicator  an  be  added  t.o  show  that 
external  time  pulses  are  present  at  the  camera  controller.  This 
modification  adds  an  LED  indicator  to  the  Datum  Model  ?800  camera 
controller.  The  purpose  of  the  LED  is  to  provide  an  indication  that  pulse 
timing  is  arriving  at  the  camera  controller.  The  DATA  indicator  does  not 
indicate  that  the  internal  * Iocs  is  phase  locked  to  the  external  timing. 

This  modification  consists  of: 

1.  Replace  R26  (150  ohm)  with  a 50  ohm  resistor. 

2.  Mount  a LED  on  the  front  panel. 

3-  Insert  the  LED  between  R1  and  R26  as  shown  in  Figure  IV 

When  external  timing  is  present  the  pulse  train  will  pass  through 
steering  diodes  CR1  (or  CR2)  capacitor  Cl  and  transformer  T1  and  switch 
the  output,  (DATA) , of  F5.  This  will  cause  D7  pin  10  to  switch  current  through 
the  LED  (0S5).  If  external  timing  is  not  present  DATA  will  be  a zero  and  the 
output  D7  pin  10  will  be  high. 
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VIII. 


Its!  K!  sm  ! 


A.  I ime  IV1  lays: 

Ot  particular  . oncern  for  the'  v>  le.  'is  win  ‘aw  is  t ho  time  lac 

between  the1  t inv  (1,1  that  bteakwitv  is  broken  ..ml  the  t ini’  that  t '•  'u-n! 

initiator  (screenbox)  is  activated  liir  control  lqnal  that  onorqi.'os  the 
screenbox  must  pass  through  two  relays,  the  first  relay  in  the  velocity 
window  controls  t tie  second  relay  (trackside  in  the  screenbox  powet  supply) 
that  applies  the  hiqh  voltaqe  to  the  screenbox. 

In  order  to  measure  a worst  cast1  delay  the  i ireuit  of  i iqure  V 
was  used.  The  velocity  window  control  sional  was  routed  from  the  track  Da'  > 
center  to  I OX  l}0,  and  looped  to  a screenbox  power  supply  back  to  a scrernhex 
power  supply  at  the  Track  data  Center.  ihe  total  lenqth  o t cable  was 
approx  imate  I y Jb.000  toot.  The  time  delay  between  breakwire  .’  and 

voltaqe  on  the  screenbox  power  supply  output  was  Id  milliseconds. 

P.  Operational  Tests: 

lhe  velocity  window  was  tested  on  several  active  sled  tests.  Ihe 
test  setup  is  shown  in  fiqure  VI  and  test  results  are  summarized  in  Table  10. 

OPi  RAT  1 OMA!  II  SI  Kf.SUl  TS 
TAPI  I 10 


MISSION 

S1 

i fc- 

s . 

START 

1 ll’lL 

snip 

i ilHt 

1 

u 

T.d 

oP-J.'A 

100 

ft 

50  ft 

9b  ms 

117  ms 

1 1 d ms 

'>  X 

Ol-AdA 

ISO 

ft 

50  ft 

S 1 Ills 

98  ills 

91  ms 

IS 


FIGURE 


OPERATIONAL  TEST  »1 
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SOU  MAI  It  ' 

IH,»  vrlm  its  w willow  ilotoi  tor  is  .1  iihhI  i t I «*it  Mmlo  1 1>.'UH>  1 utiirra  1 out  rol  lor. 
llu'sr  moili  t is  at  ions  allow  ttio  rout  rol  lor  to  t>o  usnl  ritht'r  os  .1  ramrru 
1 out  rol  lor  or  .1  s .1  \ r 1 01  1 1 s w 1 lutow  or t i'i  t or  Mr t .1 1 1 s o t t hr  moil  1 1 i 1 0 1 i ons 
arr  in  Sri t ion  VII  01  this  rrport . 

Whrn  thr  rontrollrr  is  rout  tijurmi  os  .1  voloiity  winilow  ilrtrrtor,  some  ot 
tlir  rontrollrr  rlrrtroniis  arr  not  utili/iM.  I hr  following  srhrinat  irs  Oo 
not  rrtlrrt  rlntronirs  that  arr  in  thr  rontrollrr,  hut  that  arr  not  usrd 
in  thr  vrloiltv  wiiulow  rout  igurat  ion.  Srhrnidt  irs  tor  thr  1 .imrru  nintrollrr 
arr  |>rov iilt'il  in  thr  Mmlrl  ‘UUKl  lontrollrr  manual. 
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PARTS  LIST  - VELOCITY  WINDOW  PANEL 


